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(54) Part fabricating method and part fabricating apparatus 



(57) A machining solution for removal-machining an 
object to be machined 103 is introduced to a machining 
solution container 101 , and a predetermined voltage is 
applied to between the machining electrode 1 04 and the 
object to be machined 1 03 to cause electrochemical re- 
action thereby fabricating a part cast mold. Then the ma- 
chining solution is changed to a machining solution for 



metal layer formation to effect additional machining on 
a surface of the cast mold by forming a metal layer Then 
the machining solution is changed to a machining solu- 
tion for part formation to effect additional machining in- 
side the cast mold by forming a part. Finally the machin- 
ing solution is changed to a machining solution for dis- 
solving the metal layer to take out the fabricated part. 
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Description 

[0001] The present invention relates to a part fabricat- 
ing method and part fabricating apparatus for fabricating 
parts in the fields of metal industry, electronic industry, 
machinery industry and so on. 

[0002] In the conventional part fabricating methods, 
there has been a method utilisation a machining tech- 
nology or electric discharge technology to remove un- 
wanted portions of objects to be machined into a desired 
shape thus fabricating parts. In the method utilising a 
machining technology, parts have been fabricated using 
a cutting tool wherein any of the cutting tool and object 
to be machined is rotated to bring the cutting tool and 
the object to be machined into contact at the same time, 
thereby removing unwanted portions of the object to be 
machined into a desired shape. In the method utilising 
an electronic discharge technology, parts have been 
fabricated by making a machining electrode having a 
corresponding tip shape to a desired machining from 
wherein the machining electrode and the object to be 
machined are adjusted to a predetermined distance to 
repeatedly cause pulse-formed electric discharge be- 
tween the machining electrode and the object to be ma- 
chined, thus removing unnecessary portions of the ob- 
ject to be machined. 

[0003] However, there have been some problems in 
the conventional part fabrication methods. First, the fol- 
lowing points can be listed as the problems encountered 
in the machining technology. 

(1) Because only removal machining is possible, 
there may be a case that the efficiency of material 
utilisation is extremely worsened as a consequence 
of the part fabricating shape, or a long machining 
time is required even for a simple shape. 

(2) Because machinable shapes are limited by the 
kind of machining machine used, the fabrication of 
parts having complicated shapes requires many 
kinds of machining machines with increased proc- 
ess steps. 

(3) When the operation includes contacting a cut- 
ting tool with an object to be machined, consump- 
tion of the cutting tool is unavoidable. Because the 
consumption of the cutting tool raises a problem of 
lowering machining accuracy or roughening in the 
machining surface, the cutting tool must be ex- 
changed as required and full automation for part 
fabrication is difficult. 

(4) Because removal machining is effected by uti- 
lising a physical force caused between a cutting tool 
and an object to be machined, there is a restriction 
on the hardness or toughness of the object to be 
machine. Accordingly, there is a necessity of adjust- 
ing the cutting tool kind and machining conditions 
in compliance with the material of the object to be 
machined. 

(5) The machining resolution increases with de- 



crease in tip diameter of a cutting tool, whereas 
there is limitation in cutting tool sharp-edging due 
to a machining utilising a physical force. According- 
ly, there is difficulty in coping with miniaturisation for 
s fabrication parts. 

[0004] Next, the following points can be listed as prob- 
lems encountered in the method utilising the electric dis- 
charge technology. 

10 

(1) Because the forming shape of an object to be 
machined is determined by a tip shape of the ma- 
chining electrode, before performing machining the 
machined electrode must have been previously 

is made to have a corresponding tip shape to a de- 
sired forming shape. 

(2) Because only removal machining is possible 
similarly, to machining, there may be a case that the 
efficiency of material utilisation is extremely wors- 

20 ened as a consequence of the part fabricating 
shape or a long machining time is required even for 
a simple shape. 

(3) Consumption of the machining electrode is un- 
avoidable similarly, and the machining electrode 

25 has to be exchanged as required. In the electric dis- 
charge machining, the exchange of the machining 
electrode, each time, requires fabrication of a ma- 
chining electrode having a corresponding tip shape 
to a forming shape, thus worsening machining effi- 

30 ciency. 

(4) Removal chips produced in machining adhere 
to a surface to be machined, having bad effects up- 
on machining accuracy. 

(5) In order to cause pulse-formed electric dis- 
35 charge required upon removal machining, a great 

voltage has to be applied, thus increasing energy 
consumption during machining. 

(6) Because a machining electrode having a corre- 
sponding tip form to a desired part shape is utilised 

40 to effect removal from a surface to be machined, the 
direction of machining progression is only in a depth 
direction of the object to be machined and there is 
difficulty in fabricating parts having a complicated 
three-dimensional shape. 

45 

[0005] The present inventions provides a means to 
mitigate the above-stated problems. 
[0006] In order to mitigate the above-stated problems, 
the present invention is characterised by fabricating a 

50 part by: first performing removal machining on an object 
to be machined to fabricate a part cast mold, then de- 
positing a metal A on a surface of the cast mold to form 
a metal A layer, depositing a metal B different in kind 
from the metal inside the cast mold to form a part, and 

55 finally selectively removing the metal A to take out the 
part. 

[0007] Also, in a process of the cast mold fabrication, 
metal layer formation or part formation, the removal ma- 
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chining or metal deposition is effected by an electrolytic 
machining method wherein the object to be machined 
and a machining electrode are opposite placed in an 
electrolytic solution to cause electrochemical reaction 
for machining between a surface to be machined of the 
object to be machined and a tip of the machining elec- 
trode. Here, a sharp-edged electrode may be used as 
the machining electrode. 

[0008] Also, in a process of the cast mold fabrication, 
metal layer formation or part formation, machining is 
made while moving the machining electrode or object to 
be machined along an arbitrary shape. 
[0009] Also, according to one aspect of the invention 
a part fabricating apparatus is characterised by compris- 
ing: an object to be machined holding means for holding 
an object to be machined in an electrolytic solution, a 
machining electrode for subjecting machining in a sur- 
face to be machined of the object to be machined 
through electrochemical reaction, a spacing changing 
means for detecting and changing a spacing between 
the surface to be machined of the object to be machined 
held by the object to be machined holding means and 
the machining electrode, a potential/current control unit 
for controlling a potential/current on the machining elec- 
trode, an electrolytic solution changing means for arbi- 
trary changing an electrolytic solution A for effecting re- 
moval machining on the surface to be machined to fab- 
ricate a cast mold, an electrolytic solution B for depos- 
iting a metal A on a surface of the cast mold to form the 
metal layer A, and an electrolytic solution C for depos- 
iting the metal B inside the cast mold to form a part. 
[0010] The part fabricating apparatus is provided with 
the machining electrode, for example, sharp-edged, in 
order to increase machining accuracy. 
[0011] Also, the part fabricating apparatus is provid- 
ed, as a means to move the machining electrode and 
the object to be machined along an arbitrary shape in a 
process of the cast mold fabrication, metal layer forma- 
tion or part formation, with a shape information memory 
means for memorising arbitrary shape information and 
a moving position control means for moving the machin- 
ing electrode or object to be machined along an arbitrary 
shaped based on shape information memorised in the 
shape information memory means. 
[0012] Also, the part fabricating apparatus is provid- 
ed, as a means to use a plurality of machining elec- 
trodes, with a machining electrode holding means for 
holding the plurality of machining electrodes, and a ma- 
chining electrode changing means for arbitrarily chang- 
ing between the plurality of machining electrodes held 
by the machining electrode holding means. 
[0013] Embodiments of the invention will now be de- 
scribed by way of further example only and with refer- 
ence to the accompanying drawings, in which:- 

Fig. 1 is a typical diagram showing a first embodi- 
ment of a part fabricating apparatus of the present 
invention; 



Fig. 2 is a circuit diagram showing an example of a 
constant current circuit used in an embodiment of 
the present invention; 

Fig. 3 is a typical diagram showing an example of a 
5 machining solution changing mechanism according 
to Fig. 1; 

Fig. 4 is a flowchart showing a procedure for chang- 
ing machining solutions; 

Fig. 5 is a flowchart showing a part fabricating meth- 
od according to an embodiment of the present in- 
vention: 

Fig. 6A, 6B, 6C, 6D and 6E are process sectional 
views showing a process for part fabrication accord- 
ing to the present invention; 
Fig. 7 is a typical diagram showing a second em- 
bodiment of a part fabricating apparatus of the 
present invention; 

Fig. 8 is a typical diagram showing a third embodi- 
ment of a part fabricating apparatus of the present 
invention; and 

Fig. 9 is an explanatory view showing an example 
of a machining electrode changing mechanism 
used in the part fabricating apparatus of Fig. 8. 

Embodiment 1 

[0014] Fig. 1 shows embodiment 1 where the present 
invention is utilised to fabricate a part. The present em- 
bodiment is structured by an object to be machined 1 03 
immersed in a machining solution 102 within a machin- 
ing solution container 101, a machining electrode 104 
arranged oppositely to the object to be machined 1 03 to 
electrolytically machine the object to be machined 103, 
a reference electrode 105 as a reference in electrode 
potential, a potential/current control unit 1 06 for control- 
ling the potential and current on the machining electrode 
104, an XY-axis stage 107 for moving the object to be 
machined 1 03 in X-axis and Y-axis directions (horizontal 
directions), a z-axis stage installed beneath the machin- 
ing solution container 101 to move the object to be ma- 
chined 103 in a z-axis direction (vertical direction), a 
shape information memory unit 109 for memorising ar- 
bitrary shape information, a moving position control unit 
110 for controlling the movement of the XY stage 107 
and the z stage 108 based on the shape information 
memorised by the shape information memory unit 109, 
a machining solution changing mechanism 1 1 1 connect- 
ed to the machining solution container 1 01 to feed a ma- 
chining solution 102 to and from an inside and outside 
the machining solution container 101. 
[0015] The potential/current control unit 106 is provid- 
ed, for example, with a machining electrode circuit 1 06A 
called potentio galvanostat, a micro-computer for con- 
trolling the potential on the machining electrode 104 of 
the machining electrode circuit 106Aandthe current etc. 
flowing between the machining electrode 104 and the 
object to be machined 103, and various operating keys 
for operation. 
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[0016] The machining electrode circuit 106A is struc- 
tured, for example as shown in Fig. 2, by a variable re- 
sistance 202 connected to a plus side of a constant volt- 
age power supply 201 , an operational amplifier 203 con- 
nected to the variable resistance 202, an opposite elec- 
trode (machining electrode) 1 04 connected to an output 
section of the operational amplifier 203, an acting pole 
(object to be machined) 1 03 oppositely arranged to the 
opposite electrode (machining electrode) 104 and con- 
nected to a minus side of the constant voltage power 
supply 201, and a reference electrode 105 as a refer- 
ence to measure the potential on the acting pole (object 
to be machined) 103. 

[0017] The machining electrode 104 is a rod form 
member sharp-edged at its tip opposite to a surface to 
be machined and exposed at only one portion of a tip 
end with other portions coated by an insulator. Also, the 
material of the rod member uses, for example, carbon, 
tungsten, platinum or the like. 

[001 8] Also, the reference electrode 1 05 is, for exam- 
ple, a glass cylindrical member having a solution pas- 
sage provided at a tip on a side to be immersed in a 
machining solution and a silver thin wire provided in a 
centre of the cylindrical member to reach a glass film, 
wherein a silver chloride solution is filled in a manner 
immersing the thin wire. The reference electrode 105 is 
not required to control the potential on the machining 
electrode 104 and the object to be machined 103, i.e. it 
is not necessarily required when only performing current 
control between the machining electrode 104 and the 
object to be machined 103. 

[0019] According to this machining electrode circuit 
106A, it is possible to control the current flowing be- 
tween the opposite electrode (machining electrode) 104 
and the acting pole (object to be machined) 103 to a 
current required for electrolytic machining by varying the 
resistance value of the variable resistance 202. 
[0020] The XY-axis stage 107 and the Z-axis stage 
108 are moved in the XY-axis direction and the Z-axis 
direction by an electrical drive means under the control 
of the moving position control unit 110. 
[0021] In electrical machining, the Z-axis stage 108 is 
first moved in the Z-axis direction by a distance control 
means to control the space distance between the ma- 
chining electrode 1 04 and the object to be mach ined 1 03 
to a predetermined spacing, and then a predetermined 
voltage is applied between the machining electrode 1 04 
and the object to be machined 103 to cause a constant 
current to flow between the machining electrode 104 
and the object to be machined 103. At the same time, 
the XY stage 1 07 and the Z-stage 1 08 are driven by the 
moving position control unit 110 based on shape infor- 
mation memorised by the shape information memory 
unit 1 09, in order to move the machining electrode along 
a shape of a part to be fabricated above the object to be 
machined. The above process is hereinafter referred to 
as an electrolytic machining process. 
[0022] The distance control means for example first 



controls, through the current/potential control unit 106. 
the current flowing between the object to be machined 
1 03 and the machining electrode 1 04 to nearly zero, and 
then slowly moves the Z-axis stage upward to cause the 
5 object to be machined 103 to approach the machining 
electrode 104 while measuring the potential on the ob- 
ject to be measured. Because if the object to be ma- 
chined 103 is brought into contact with the machining 
electrode 1 04 due to this ascending motion the potential 
10 of the object to be machined 1 03 greatly varies, the po- 
sition on the Z-axis at this time is determined as the zero 
spacing position. Taking this position as a reference, the 
Z-axis stage 108 is driven under the control of the mov- 
ing position control unit 1 1 0 to control the space distance 
15 between the machining electrode 1 04 and the object to 
be machined 103 to a desired spacing. Besides this 
method, a method can be considered that the space dis- 
tance is measured by a laser measuring device. 
[0023] The machining solution changing mechanism 
20 111 is structured, for example as shown in Fig. 3, by a 
machining solution tank (A) 302A containing a machin- 
ing solution (A) 1 02A used when fabricating a cast mold 
by subjecting the object to be machined 1 03 to a remov- 
al process, a machining tank (B) 302B containing a ma- 
25 chining solution (B) 1 02B used upon forming a metal lay- 
er, a machining solution tank (C) 302C containing a ma- 
chining solution (C) 102C used upon forming a part, a 
machining solution tank (D) 302D containing a machin- 
ing solution (D) 102D used upon dissolving a metal, a 
30 cleaning solution tank 303 containing a cleaning solu- 
tion 301 used for cleaning the machining solution con- 
tainer 1 01 during changing the machining solution, a so- 
lution feed pump (A) 306A connected to the machining 
solution tank (A) 302A to feed the machining solution 
35 (A) 1 02A within the machining solution tank (A) 302A to 
the machining solution container 101, a solution feed 
pump (B) 306B connected to the machining solution 
tank (B) 302B to feed the machining solution (B) 102B 
within the machining solution tank (B) 302B to the ma- 
40 chining solution container 1 01 , a solution feed pump (C) 
306C connected to the machining solution tank (C) 
302C to feed the machining solution (C) 1 02C within the 
machining solution tank (C) 302C to the machining so- 
lution container 1 01 , a solution feed pump (D) 306D con- 
45 nected to the machining solution tank (D) 302D to feed 
the solution within the machining solution tank (D) 302D 
to the machining solution container 1 01 , a solution feed 
pump (E) 307 connected to the cleaning solution tank 
303 to feed the solution 301 within the cleaning solution 
50 tank 303 to the machining solution container 101, a 
waste solution tank 304 for reserving a waste solution 
305 discharged from the machining solution container 
101, and a solution feed pump (F) 308 for feeding a so- 
lution to the waste solution tank 304 upon discharging 
55 the solution. 

[0024] The machining solution changing mechanism 
1 1 1 can supply a required amount of a solution from the 
tank containing a machining solution or cleaning solu- 



A 



7 



EP 0 920 946 A2 



8 



tion required for machining to the machining solution 
container 101, and discharge the machining solution 
from the machining solution container 101. 
[0025] During changing the machining solution, the 
solution feed pump (F) 308 is first driven to discharge $ 
the machining solution in the machining solution con- 
tainer 101 to the waste solution tank 304, as shown in 
Fig. 4. Then the solution feed pump (E) is driven to sup- 
ply the cleaning solution 301 in the cleaning solution 
tank 303 to the machining solution container 101, and 
the solution feed pump (F) 308 is again driven to dis- 
charge the cleaning solution 31 in the machining solu- 
tion container 101 into the waste solution tank 304. Then 
a solution feedpump, which is connected toa machining 
solution tank containing a required machining solution 
among the machining solution (A) 102A, machining so- 
lution (B) 102B, machining solution (C) 102C and ma- 
chining solution (D) 102D, is driven to supply the ma- 
chiningsolution tothe machining solution container 101 . 
This process is hereinafter referred to as a machining 
solution changing process. 

[0026] The procedure of a part fabricating method ac- 
cording to the present embodiment will be explained 
hereinbelow based on Fig. 5 and Fig. 6. First the shape 
information for a part to be fabricated is memorised in 
the shape information memory unit 109. Then the ma- 
chining solution (A) 102A as a machining solution for 
removal process is supplied into the machining solution 
container 101 by the machining solution changing 
mechanism 111. Then an object to be machined 103 
shown in Fig. 6(a) is subjected to removal process, thus 
fabricating a cast mold 501 for parts as shown in Fig. 6 
(b). 

[0027] Then the machining solution in the machining 
solution container 1 01 is changed, through the aforesaid 
machining solution changing process, from the machin- 
ing solution (A) 1 02A as a machining solution for remov- 
al process to a machining solution (B) 102B as a ma- 
chining solution for forming a metal layer. Then an ad- 
ditional machining is performed through the aforesaid 
electrolyte machining to deposit a metal A on a surface 
of the cast mold 501 as shown in Fig. 6(C), thus forming 
a metal layer 502. 

[0028] Then the machining solution in the machining 
solution container 1 01 is changed, through the aforesaid 
machining solution changing process, from the machin- 
ing solution (B) 102B as a machining solution for metal 
layer formation to a machining solution (C) 102C as a 
machining solution for electro-forming. Then additional 
machining is performed, through the electrolyte machin- 
ing, on an inside of the cast mold 501 to deposit a metal 
B as shown in Fig. 6(d), thus forming a part 503. 
[0029] Finally the machining solution in the machining 
solution container 101 is changed, through the machin- 
ing solution changing process, from the machining so- 
lution (C) 1 02C as a machining solution for electro-form- 
ing to a machining solution (D) 102D as a machining 
solution for metal layer dissolution to dissolve a metal 



layer 502 as shown in Fig. 6(e), removing the part 503 
formed inside the cast mold 501 . 
[0030] Here, as a method to dissolve the metal layer 
502 is considered a method of using a solution for se- 
lectively dissolving only the metal A, a method applying 
a voltage to selectively dissolve only the metal A, or the 
like. 

[0031] In the present embodiment, because the dis- 
tance between the tip of the machining electrode and a 
surface to be machined of an object to be machined is 
controlled to a predetermined spacing by utilising a 
sharp-edged machining electrode, and thereafter ma- 
chining is performed such that the machining electrode 
is moved along the shape of a part to be fabricated 
above a surface to be machined of the object to be ma- 
chined, it is possible to fabricate simply a part having a 
complicated three dimensional form without the neces- 
sity of fabricating a machining electrode corresponding 
to a machining form. Also, because the machining is 
performed in a state of out of contact between the ma- 
chining electrode and the object to be machined, there 
is less consumption of machining electrodes. Also, be- 
cause the machining is performed by the electro-form- 
ing method utilising an electrochemical reaction, it is 
possible to perform machining with extremely low ener- 
gy as compared with the electric discharge machining 
without changing the hardness and toughness of the ob- 
ject to be machined. Further, since the part fabricating 
apparatus in the present embodiment is provided with 
the machining solution changing mechanism, automa- 
tion of part fabrication is readily realised. 
[0032] In an experimental example of fabricating a 
gear having a diameter of 800 u.m by applying the 
present embodiment thereto, the machining electrode 
used was a platinum-iridium alloy wire sharp-edged at 
its tip to a tip diameter of 1 u.m and coated by resin at 
other than the tip wherein a chromium substrate was 
used as an object to be machined. Also, a chromium 
electrolytic etch solution mixed with 62.7 g/l of a sulfamic 
acid and 37.3 g/l of a boric acid was used as a machining 
solution for the removal process, a gold plating solution 
mixed with 7.4g/l of potassium dicyanoaurarate (I) and 
70 g/l of tri-sodium citrate as a machining solution for 
metal layer formation, a nickel plating solution mixed 
with 350 g/l of nickel sulfamate and 30 g/l of a boric acid 
as a machining solution for part formation, and a gold 
etch solution mixed with 25 g/l of iodine and 100 g/l of 
potassium iodide as a machining solution for metal layer 
dissolution. 

[0033] The procedure for fabricating a gear was per- 
formed along with a procedure shown in Fig. 5, wherein 
gear shape information was first memorised in a shape 
information memory unit 109, the chromium substrate 
was then subjected to the removal process to fabricate 
a gear cast mold, gold was then deposited on a surface 
of the cast mold, nickel was then deposited inside the 
cast mold to form the part, and finally the gold layer was 
dissolved to take the part out. 
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[0034] In the chrome substrate removal process in 
cast mold fabrication, the distance between the tip of the 
machining electrode and the surface of the chromium 
substrate was controlled to 10 ujti, and a current pulse 
of lon= 1000uA Ton = 0.3 second and Toff = 0.3 second 
was applied by the potential/current control unit while 
controlling the XY table to be moved according to the 
gear shape information. Then this was repeated 20 
times, with the result that a gear cast mold with a depth 
of 1 00 jam was fabricated. 

[0035] In the gold deposition in metal layer formation, 
the distance between the tip of the machining electrode 
and the surface of the cast mold was controlled to 10 
jLim, and a current pulse of Ion = -400 uA Ton = 0.3 sec- 
ond and Toff = 03 second was applied by the potential/ 
current control unit while controlling the XY table to be 
moved according to the gear shape information. As a 
result, a gold layer with a thickness of 2 jim was formed 
on the surface of the cast mold. 
[0036] In the nickel deposition in metal layer forma- 
tion, the distance between the tip of the machining elec- 
trode and the surface of the cast mold was controlled to 
10 jim, and a current pulse of Ion = -1000 uA Ton = 0.3 
second and Toff = 0.3 second was applied by the poten- 
tial/current control unit while controlling the XY table to 
be moved according to the gear shape information. Fur- 
ther the Z-axis stage was driven by the moving distance 
control unit so that the distance between the tip of the 
machining electrode and the machining surface be- 
comes 1 0 ujti. This was repeated 1 6 times with the result 
that a nickel gear part with a thickness of 80 ujti was 
formed on the surface of the cast mold. 
[0037] The gold layer was dissolved by a gold etch 
solution with the result that a gear having a diameter of 
800 jam and a thickness of 80 urn could be taken out. 

Embodiment 2 

[0038] Although the present embodiment has a struc- 
ture almost similar to Embodiment 1 as shown in Fig. 7, 
it is characterised in that the Z-axis stage 108 is ar- 
ranged on the XY stage 1 07 and further the work elec- 
trode 104 is attached to the Z-axis stage 108 through a 
machining electrode attaching arm 113. 
[0039] In operation of this apparatus, the XY stage 
1 07 moves in the XY directions and the Z-axis stage 1 08 
in the Z-axis direction, causing the machining electrode 
1 04 to follow the attaching arm 1 1 3 and hence move in 
the XY-axis directions and Z-axis direction. This also 
provides a similar effect to Embodiment 1 . 

Embodiment 3 

[0040] Although the embodiment is structured almost 
similar to Embodiment 1 as shown in Fig. 8, it is char- 
acterised in that a machining electrode changing mech- 
anism 701 is arranged therein which can exchange the 
machining electrode for use in machining. 



[0041] The machining electrode changing mecha- 
nism 701 is provided with, for example as shown in Fig. 
9, a machining electrode attaching arm 113 attached 
with machining electrode (104A) and machining elec- 
5 trode (104B) different in tip diameter, and an about-Z- 
axis rotation mechanism for rotating the machining elec- 
trode attaching arm about the Z-axis, so that the ma- 
chining electrode to be used can be positioned above a 
surface to be machined of an object to be machined 103 
immersed in a machining solution. 
[0042] This also provided similar effects to Embodi- 
ment 1 . 

[0043] In addition, because the present embodiment 
can use a plurality of machining electrodes different in 
tip diameter, it is possible to select a machining elec- 
trode suitable for a shape of a portion to be machined 
or kind of machining. The smaller the tip diameter of the 
machining electrode the higher the machining resolution 
increases, lowering the machining speed. Accordingly, 
where high resolution is not required, the use of a ma- 
chining electrode having a somewhat great tip diameter 
improves machining efficiency. Accordingly, because 
the present embodiment makes it possible to selectively 
use a machining electrode having a tip diameter suited 
for a machining shape and machining resolution re- 
quired, machining time could be reduced with high ma- 
chining accuracy being maintained. 
[0044] The present invention provides the following 
effects. 

(1 ) Because the cast mold is first fabricated to form 
a part inside the cast mold and thereafter it is taken 
out, it is possible to utilise one cast mold many times 
with manufacture efficiency raised when fabricat- 
ing, for example, a great volume of parts of the 
same shape. 

(2) Because machining is effected in a non-contact 
state of the tip of the machining electrode with the 
surface to be machined of the object to be ma- 
chined, there is almost no consumption of machin- 
ing electrodes. Accordingly, it is possible to imple- 
ment machining for a long time without exchanging 
the machining electrode, readily realising full auto- 
mation for part fabrication. 

(3) Because in electrolytic machining electrochem- 
ical reactions are utilised that occur between the 
surface to be machined of an object to be machined 
and the tip of a machining electrode without involve- 
ment of physical force, there is no restriction on the 
hardness or toughness of an object to be machined. 
Accordingly, it is possible to perform machining on 
a material that is difficult to machine by conventional 
machining operations. 

(4) The increase in machining operation resolution 
is facilitated by reducing the tip diameter of the ma- 
chining electrode, making it easy to cope with min- 
iaturisation for parts to be fabricated. 

(5) Because part formation is performed by addi- 
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tional machining, the efficiency of material utilisa- 
tion is high making it possible to fabricate parts hav- 
ing such a shape that is impossible to fabricate only 
by a removal process. 

(6) By using a sharp-edged electrode as the ma- 
chining electrode to machine while moving the ma- 
chining electrode and an object to be machined ac- 
cordingtoan arbitrary form, it is possible to fabricate 
complicated three-dimensional shaped parts 
through less processing with simplification by the 
same apparatus. Also, there is no necessity of fab- 
ricating a machining electrode having a corre- 
sponding tip form to a machining form. 

(7) In the electrolytic machining, the utilisation of 
electrochemical reactions will not produce chips 
even during removal machining. There is no ad- 
verse effect of chips on machining accuracy. 

(8) The electrochemical reaction utilised for electro- 
lytic machining can be caused by low application 
voltage, thus being low in energy consumption as 
compared with electric discharge machining. 

(9) The provision of the solution changing means 
capable of changing the solution easily realises an 
automation for part fabrication. 



Claims 

1 . A part fabricating method comprising the steps of: 

performing removal machining on an object to 
be machined to fabricate a part cast mold; 
depositing a first metal on a surface of the cast 
mold to form a first metal layer; 
depositing a second metal different in kind from 
the first metal inside the cast mold to form a 
part; and 

selectively removing the first metal to take out 
the part. 

2. A part fabricating method as claimed in claim 1 , 
wherein in the process of fabricating the cast mold, 
the removal machining is effected by an electrolytic 
machining method wherein the object to be ma- 
chined and a machining electrode are placed oppo- 
site each other in an electrolytic solution to cause 
electrochemical reaction for machining between a 
surface to be machined of the object to be machined 
and a tip of the machining electrode. 

3. A part fabricating method as claimed in claim 1 , 
wherein in the process of forming the first metal lay- 
er, the deposition of the first metal is effected by an 
electrolytic machining method wherein an electro- 
chemical reaction is caused between a surface to 
be machined of the object to be machined and a tip 
of a machining electrode to deposit the first metal. 
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A part fabricating method as claimed in claim 1, 
wherein in the process of forming the part, the dep- 
osition of the second metal is effected by an elec- 
trolytic machining method wherein an electrochem- 
ical reaction is caused between the first metal layer 
and a tip of a machining electrode to deposit the 
second metal. 

A part fabricating method as claimed in claim 1, 
wherein a sharp-edged electrode is used as the ma- 
chining electrode. 

A part fabricating method as claimed in claim 1, 
wherein in the process of fabricating the cast mold, 
forming the metal layer or forming the part, machin- 
ing is effected while moving at least one of the ma- 
chining electrode or the object to be machined ac- 
cording to stored shape information. 



20 7. A part fabricating apparatus comprising: 



an object to be machined holding means for 
holding an object to be machined in an electro- 
lytic solution; 

a machining electrode for performing machin- 
ing in a surface to be machined of the object to 
be machined through electrochemical reaction; 
a spacing changing means for detecting and 
changing a spacing between the surface to be 
machined of the object to be machined held by 
the object to be machined holding means and 
the machining electrode; 
a potential/current control unit for controlling a 
potential/current of the machining electrode; 
a first electrolytic solution for effecting removal 
machining on the surface to be machined to 
fabricate a cast mold; 

a second electrolytic solution for depositing a 
first metal on a surface of the cast mold to form 
the first metal layer; and 
an electronic solution changing means for 
changing a third electrolytic solution for depos- 
iting the second metal inside the cast mold to 
form a part. 
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A part fabricating apparatus as claimed in claim 7, 
wherein the machining electrode is a sharp-edged 
electrode. 

A part fabricating apparatus as claimed in claim 7, 
further comprising: 

a shape information memory means for mem- 
orising shape information; and 
a moving position control means for moving the 
machining electrode or object to be machined 
according to shape based on shape information 
memorised in the shape information memory 
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means. 

10. A part fabricating apparatus as claimed in claim 7, 
further comprising: 

a plurality of machining electrodes; 
a machining electrode holding means for hold- 
ing the plurality of machining electrodes; and 
a machining electrode changing means for 
changing between the plurality of machining 
electrodes held by the machining electrode 
holding means. 



15 



20 



25 



30 



35 



40 



45 



50 



5 



10 



fi 



EP 0 920 946 A2 



FIG.1 



102 



104 



105 

K 

101 

-L 



106 



POTENTIAL / CURRENT 
CONTROL UNIT 



111 



MACHINING SOLUTION 
CHANGING MECHANISM 



109 



107-^^ 

■y r~ 






110 




MOVING POSITION 
CONTROL UNIT 


l' — — — ""I. 




108—^ 










SHAPE INFORMATION 
MEMORY UNIT 



EP 0 920 946 A2 



FIG. 2 
106A 




TTT 



EP 0 920 946 A2 




11 



EP 0 920 946 A2 
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C START ) 



DISCHARGE MACHINING SOLUTION IN 
MACHINING SOLUTION CONTAINER TO 
WASTE SOLUTION TANK. 



SUPPLY CLEANING SOLUTION FROM: 
CLEANING SOLUTION TANK TO MACHINING 
SOLUTION CONTAINER. 
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DISCHARGE CLEANING SOLUTION IN 
MACHINING SOLUTION CONTAINER TO 
WASTE SOLUTION TANK. 
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DEPOSIT METAL A ON SURFACE OF CASTING MOLD . 
THROUGH ELECTROLYTIC MACHINING TO FORM 
METAL LAYER. -'/> 
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SOLUTION FOR PART FORMATION THROUGH 
MACHINING SOLUTION CHANGING PROCESS. 






7 — 


DEPOSIT METAL B INSIDE CASTING MOLD THROUGH 
ELECTROLYTIC MACHINING PROCESS TO FORM PART. . 




* 


8— 
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TAKING OUT PART INSIDE CASTING - MOLD. 
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